INTRODUCTION
The author proposed a method of analyzing the one-dimensional consolidation due to the three-dimensional dehydration in the previous paper.
The method can be applied to the case where a structure is loaded locally on the comparatively wide ground, but it is often unapplicable to the consolidation effect of the ground with the long-stretched structures such as ordinary roads or embankments.
In such case, the dehydration accompanying with the consolidation is thought to occur mainly in two directions, namely in the transverse direction of the structure and in the vertical direction of the consolidated layer, and the dehydration is practically observed as the synthetic flow of these two flows.
Therefore, it is necessarily required to regard the phenomena as the one-dimensional consolidation due to the two-dimensional dehydration in the analysis of such cases.
The method of analyzing of the consolidation effects with such cases and its application are mainly reported in the present paper.
DERIVATION OF THE BASIC EQUATION OF CONSOLIDATION
With a small element shown in Fig. 1 , iA and iB may denote hydraulic gradients at faces A and B, u may denote pore water pressure, and 7-0, unit weight of water. Then one may get, ( 1) At 0 < t < 00 and z=0, u=0 From this condition, C4=0 Accordingly, ( 2 ) At 0 < t < 00 and H, u=0, where 2H denotes the thickness of the consolidated layer.
From this condition, sin 2 NH=0 Accordingly, 2 NH=--m 7r(m= 1, 2, 3...), then N= m r/2 H and (3 . 4) , where B,=C,C, and B2 = C2 C, • 
SURFACE CONDITIONS
The consolidation due to the two-dimensional dehydration in the title means the case where dehydration does not occur in the longitudinal direction, or the y-axis direction, of the long-stretched structures, but occurs mainly in its transverse, or the x-axis direction and in the vertical, or the z-axis, direction of the stratum.
The dehydration conditions due to consolidation in the x-axis direction are now examined.
In Fig. 2 
INITIAL CONDITION
The load on the saturated soil is thought to be supported by the pore water pressure immediately after the start of consolidation.
Therefore, at t=0, u=K. This equation means that the delay of creep is negligible in the case where creep coefficient is so large that the permanent deformation occurs in a moment, and so it becomes the same equation of the degree of consolidation as in the case where only the primary consolidation is taken into consideration.
RELATION BETWEEN THE DEGREE OF CONSOLIDATION
AND THE TIME
FACTOR
An equation for calculating the degree of consolidation in the one-dimensional consolidation due to the two-dimensional dehydration with the secondary compression and creep taken into consideration was obtained in the preceding section. The relation between the degree of consolidation and the time factor is now to be obtained by the use of the equation. 14. Fig. 4 The Uv-log Tv curved-ruler by the value of b /9 of one-dimensional consolidation due to the two-dimensional dehydration (in the case of b 43=0.1) Fig. 5 The Uv-log Tv curved-ruler by the value of b p of one-dimensional consolidation due to the two-dimensional dehydration (in the case of b P=0.5) 
TIME FACTOR RELATIONS
The method of obtaining the amount of consolidation settlement in-situ by making use of the figures of Uv -log T, curves (Fig. 4-13) , results of the above analysis of consolidation due to the two-dimensional dehydration.
As the values of Cv, Ch and g of the consolidated soil layer in site are obtained by a consolidation test due to the three-dimensional dehydration, the value of b g is obtained by multiplying the loading width of the consolidated layer in site b by /9, and a is calculated by ,where H is a half of the thickness of the consolidated layer in the field.
The curve of the degree of consolidation of the primary consolidation part due to the two-dimensional dehydration in site is obtained by finding the Uvlog Tv curve corresponding to these values of b g and a in Fig. 4 .-13.
The curve of the degree of consolidation of secondary compression part is also found in Fig. 14.
Making use of these curve of the degree of consolidation, one can obtain S, the amount of settlement of the consolidated layer in the field with any time t.
In the equation, K is the intensity of the consolidation load of the consolidated layer in site, and the values of the degree of consolidation U, and Ur are obtained by making use of the curve of the degree of consolidation of the primary consolidation part (the one found out from the curves in Fig. 4-13 ) and that of the secondary compression part (Fig. 14) for Tv = .t and T' =2 77 t, respectively.
The consolidation constants V, r and 72 are also obtained by the consolidation test.
Therefore, one can get the time-settlement curve of the consolidated layer in site by calculating the amount of settlement corresponding to the time t from the equation (10.1).
. AN APPLICATION EXAMPLE
Application of the method of analyzing one-dimensional consolidation due to the two-dimensional dehydration to field consolidation settlement.
In this section, examination is made on the analysis and the test results of consolidation settlement in the Lake Hachiro test embankment, which is thought to be the case of the one-dimensional consolidation due to the two-dimensional dehydration.
( 1 ) The state in site A large-scale test embankment shown in Fig. 15 14 The Ur-log T' curved-ruler of one-dimensional consolidation due to the two-dimensional dehydration On the One Dimensional Consolidation due to the Two-Dimensional Dehydration with the Secondary Compression taken into Consideration was constructed prior to banking of the Lake Hachiro cofferdam embankment for reclamation in order to estimate its amount of settlement and to examine its stability against slide.
This test embankment was planned and constructed in the 33 rd year of Showa (1958) , and its settlement was observed for about 3 years.
The base ground of the bank is shown in Fig. 16 .
As seen in the figure, the ground has an almost uniform weak clay layer 29 m thick, with a sand-mixed clay layer from the depth of 18 m to 25 m included. Physical properties of the weak clay were investigated, and the test results of the soil around the depth of 10 m, which gives almost average values, are shown in Table 1 . Furthermore, the results of consolidation tests of the soil are shown in Table 2 .
As a sand layer of 8 m in thicktiess lies under the weak layer, the consolidation condition of the ground is thought to be permeable through both face.
Now the method of analysis of the one-dimensional consolidation' due to the tw&dimensibnal dehydration, is applied to calculation of settlement of the test embankment, to obtain the time-settlement curve and to compare it with the results of observation of settlement for examining applicability of the method.
The settlement curve observed at the center on the observation line S2 in the sand 'bed type (the point A in Fig. 15 ) showed a considerably good results and was used in discussion.
( 2 ) Calculation of consolidation load Unit' weight of soil in the ground is shown in Table 3 .
As the groundwater level is at the ground level, the values are thought to coincide with those of the saturated unit weight, which were then used in calculating the submerged unit weight, and the overburden intensity of load for each depth was estimated.' The soil profile and the overburden intensity of load observed are shown in Fig. 16 .
The overburden intensity of load at the middle point of clay layer (at the depth of 14.5 m) po is 5.66 t/m2. The values of intensity of preconsolidation load obtained by consolidation tests are plotted and shown in a dotted line in Fig. 16 , which coincides comparatively well with the overburden intensity of load curve. As this 'suggests the fact that the clay in site may be regarded as normally consolidated, calculation of consolidation was made on the assumption that Table  2 Summarized results of consolidation tests of the above-described soil Table  3 Unit weight of soil of the ground in-situ consolidation of clay proceeds depending only on the consolidation load. Furthermore, examination of the observed settlement curve made it clear that the secondary compression was shown very little effect on the settlement on those days, and therefore calculation of consolidation settlement was made only with the primary consolidation taken into consideration.
( 3 ) Intensity of load due to banking ( i ) The intensity of load due to the 1 st-step of banking The intensity of load in the ground under the center line of the 1 st-step of embankment p, was calculated by regarding the banking as a trapezoid with the height of h=2.0 m, the top width of 92.2 m and the bottom width of 134.2 m, and using the unit weight of rt=2.0 t/m3.
The value of the dispersion coefficient At corresponding to trapezoid load was obtained by using twice the modified it-chart, by transposing the origin of this chart prepared according to the equation of the vertical stress under an infinite terrace, , further we got the intensity of load in the ground by multiplying this value by the embankment load
( ii ) Intensity of load due to the 2 nd-step of banking The intensity of load in the ground p2 was obtained in the same manner as in the case of (i), by regarding the 2 nd-step of banking as a trapezoid with the height of 2.5 m, the top width of 52.2 m and the bottom width of 92.2 m. The values of the normal stress intensity due to the embankment load at the middle point of the clay layer (at the depth of 14.5 m) obtained from Fig. 19 are 3.97 t/m2, 4.97 t/m2, 0.97 t/m2 and 0.96 t/m2, respectively, corresponding to the 1 st-, the 2 nd-, the 3 rd-and the 4 th-steps of banking. Table 4 .
The values of the final amount of settlement shown in Table 4 were calculated by neglecting the change of the stress in the ground due to the loads with the proceeding settlement of banking. In the actual case, however, the stress intensity in the ground decreases as the banking part submerges.
Especially, the correction of the final amount of settlement due to the 1 st-step of banking is needed.
( log Ty curve obtained by application of the consolidation due to the two-dimensional dehydration.
As the values of the consolidation coefficient C, obtained from consolidation tests show variance corresponding to the range of depth, the average consolidation coefficient Cy was calculated by using the Cv -log p curve and the following equation.
, where Hi and Cvi mean the thickness of the i th layer and the coefficient of compressibility of the i th layer.
The Cv -log p curve and the Cv-log p curve are shown in Fig. 21. ( i ) Calculation of settlement due to the 1st-step of banking The value of C corresponding to the stress intensity of 0.963 kg/cm2 in the ground at the time of loading of the 1 st-step of banking was obtained from 21 Cy-log p figure Fig. 21 as C ,-=2 .95 x 10-4cm2/sec. Therefore the relation between the time of settlement and the time factor for this case becomes
The amount of settlement corresponding to the time needed of settlement in this case can be obtained by the use of this equation and the abovedescribed Up-log T, relationship as the final amount of settlement is 154.73 cm. As the slope of the banking in site is as gentle as about 1 : 10 and the difference between the bottom width of the banking of 134.2 m and the top width of the completed banking of 43.2 m is large, the width of the consolidated soil body was assumed as 88.7 m, which is the mean value of the both.
Furthermore, thinking of the soil status in site, the designed section of the banking, the method of execution, and the amount of settlement of the banking caused by those factors, one may assume, ChIG=1-10, whence The lapsed time to any settlement in this case, may be calculated as the final amount of settlement of 197.46 cm by the use of this equation and the above-described Up-log 7; relationship in the same manner as in the case of (i).
(iii) Calculation of settlement due to the 3 rdstep of banking The value of CC corresponding to the intensity of 1.558 kg/cm2 in the ground at the time of loading of the 3rd-step of banking was obtained from Fig. 21 . as2.80
x 10-4(cm2/sec). As the 3rd-step of banking was filled 44 days (=-6.34x 104min.) after the finish of the 1st-step of banking, the relation between the time of settlement and the time factor for this case becomes Accordingly, 1=-1.251 x 108 Tv+ 6 . 34 x 104 (min)
The lapsed time to any settlement in this case, may be calculated as the final amount of settlement of 35.53 cm by the use of this equation and the abovedescribed Up-log T, relationship.
(iv) Calculation of settlement due to the 4th-step of banking The value of C corresponding to the stress intensity of 1.655 kg/cm2 in the ground at the time of loading of the 4th-step of banking was obtained from Fig. 21 as C=2 .80 x 10-4(cm7sec) .
As the 4th-step banking was filled 379 days ( = 5.46 x 105min.) after the finish of the 3rd-step banking, the relation between the time of settlement and the time factor for the case becomes Accordingly, t=1.251 x 108 Tv+ 5.46 x 105 (min)
The lapsed time to any settlement in this case, may be calculated as the final amount of settlement of 32.91 cm by the use of this equation and the above-described Up-log 7; relationship.
The values of the consolidation constants used in the above calculation of settlement are those measured by the technical staff of the Land Reclamation Office of the Lake Hachiro of those days.
( v ) The total settlement due to all steps of the banking The total settlements due to all steps of the banking were obtained by summing up the amount of settlement due to the respective step of banking based on the results of calculation in the section (i)-(iv).
They are shown in Fig. 22-a-Fig. 22-d . The actual settlement data in site are further shown by dotted lines.
According to Fig. 22 -a-22-d, the amounts of settlement actually observed (shown by dotted lines) are 20-40 cm or so larger than the calculated values. This fact is attributed to the rapid increase of the amounts of settlement actually observed at the time of the banking. This is also proved by the fact that the amounts of settlement actually observed showed to be quite similar to that shown by the calculated The rapid increase of the amount of settlement just after the banking is thought to be attributed to shear deformation due to shear stress in the ground added by the banking, and never be attributed to consolidation deformation due to the decrease of pore water among soil particles.
Accordingly, the amount of the rapid settlement just after the banking is to be studied separately from the consolidation settlement discussed in the present paper. The corrected actual settlement curve only due to consolidation deformation was therefore obtained by subtracting the amount of the rapid settlement from the amount of settlement actually observed, and is shown by the full lines in Fig. 22-a- The results are shown in Table 5 .
The soil sample taken at the depth of 9.50-10.00 m in site (which shows almost the average value of Ci, in the layer to the depth of 18.50 m) was subjected to the three-dimensional dehydration consolidation test.
The obtained consolidation constants are shown in Table 6 .
As shown in Table 6 , the values of Cv=2.08x 10 (cm2/sec) Ch= . 90 x 10-4 (cm2/sec) and g = 1 . 33 consolidation load of 1.6 kg/cm2.
The comparison of the experimental results with the actual data shown their good coincidence with the case of a=0.4 in Table 5 .
Therefore, consolidation settlement in site is expected to advance hereafter to the settlement curve of the case of a=0.4 and b g=100, which is thought to prove applicability of analysis of consolidation due to the two-dimensional dehydration.
CONCLUSION
In the present paper, the author showed a method of analysis of the one-dimensional consolidation due to the two-dimensional consolidation with the secondary compression taken into consideration, which is applied to analysis of consolidation of the soil layers under the structures comparatively long in the longitudinal direction, such as banks or roads, constructed on the weak ground, where dehydration is expected to occur in the vertical and transverse direction.
To make an analysis more simply and conveniently, the author showed on the U -log T, curves and the Ur -log T' curves and described the method of their On the other hand, the above-described method of analysis based on the theory of the one-dimensional consolidation due to the two-dimensional dehydration was proved to almost satisfy the settlement data actually observed in the field.
And also the present method of analysis might solve some problems on the consolidation which are difficult to be solved by the former method. 
